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What is belonging to “m i #in £ plHEaE" ?

* “Modern”, “Thermal Fluid Mechanics” and “Measuring
Techniques”

Modern means “advanced” and “changing with time”.
c A BLAMRZIR . - BEAS L EMA FE I F o
(5 R RISLATR BIREAR L o -

Modern Measur_ing Technic_]ues of By An-Bang Wan National Taiwan University
Thermo-fluids Mechanics Y Y 4 Institute of Applied Mechanics



Preface (1)

c AAE AR BB L EE L .

s RHERAMKEHN > 5 AFFERETHDZ o

c PHRERELAREIFE CFF R HURHNE
"ﬁ rfg‘:_] &5 r/"“_] R R R REE i%l 5 o

c AFFEFORAJAFT AGAEUERLFEY F A&
m\ﬁiiﬁfﬂm%wwwiwh%ﬁééﬁﬁi
AR SRR SN A5 BRI
R RPN FARDFEINZ TR EP O e
o ALR S T R R ORISR 2 DA
R L E I fﬁ*$4§§ﬁ’%ﬁ%@$}%%
‘3"75 ﬁ;ib"" ) Ijxitl ﬁ—%é,ﬁfvﬁl}ﬁﬁijﬁ"ﬂ" Z_f o

Modern Measuring Techniques of
Thermo-fluids Mechanics By An-Bang Wang

National Taiwan University
Institute of Applied Mechanics

Preface (1)

s AFRART O KRBT TP T fr“* ;o
3 GorimiE > B 5k 4 ,b“rﬁilﬁ;?rm«fg: I
S E R eip R E I H R N P?"?%FZEL_/EJ
EREE #%ﬁwﬂ’uéiF§Wﬁﬁ%%ﬁ
ST REPIAF TR FEREIFELF
F b (Bt A 4 - ) B L (T8
o AR R N o Sk S S R R N 5
T2

Modern Measuring Techniques of

National Taiwan University
Thermo-fluids Mechanics By An-Bang Wang

Institute of Applied Mechanics



Preface (I11)

» Lecture Notes on Web: http://bernoulli.iam.ntu.edu.tw/, i&
> TEprgae &> TRAHMEERHEIT,

» Grading Policy: term project report and
presentation: 100%
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Course Contents

Term project introduction & assignment (2/24)

Introduction to modern measuring techniques of thermal fluid
mechanics (3/3, 3/10)

How to visualize your flow? (3/10, 3/17, 3/24, 3/31)
1st Mid-term discussions (4/21)

How to design and set up your experimental facility? (4/7, 4/14, 4/28,
5/05)

How to quantitatively measure your system? (5/12, 5/19, 5/26, 6/02)
2nd Mid-term discussions (5/26)

Miscellaneous measurements (viscosity, surface tension, density,
refractive index, thermal conductivity ...etc.) (6/09, 6/16)

Final Presentation & report (6/23)
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» Reference: Springer Handbook of Experimental Fluid

Mechanics, Tropea, Cameron; Yarin, Alexander L.; Foss,
John F. (Eds.) , 2007, XXVII1, 1557 p. 1240 illus. in color.
With DVD., Hardcover, ISBN: 978-3-540-25141-5

Book in NTU-library available

Experimenta
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Examples & What do we expect?

BABARAS DR AR ER S|
Example 1: & e a2_ % + 5 B 3 (5910 pm B )iz 5 ~ 42
oA A 4 &g (925 ub/min)shs FU% A o R R € Wk
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Example 2: ;% %8 (G ) teicin 48 (microfluidics) & stz (7 5 22
&t B

Example 2: ;%48 & 4 & B & (wetting) (7 5 & * (40’ )2
AAF G ..

I came, I saw, I conquered... Julius Caesar.

Modern Measuring Techniques of National Taiwan University

Thermo-fluids Mechanics By An-Bang Wang Institute of Applied Mechanics


http://springerlink.com/content/w3732k/
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Previous Topics of Term-projects ()
(A #F 1 47 5)
Large bubbles induced by drop impact
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Mesler entrainment
Large bubbles
0 1 2 3 4 5 6 7

Drop diameter (mm)

Parameters are drop velocity V & drop size only?
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Previous Topics of Term-projects (1)
(% FPOCT i * 41 2%)
i i 0.7
U rine Chlp —e— Lab-on-a-chip method A
e i 06 | —a . Clinical method 4
Loading chamber,
05 [0.D.] = 6.29x10%[Conc] + 4.98x102
04 | R2=1.00
error< 7.6 %
g ¢ 03 [0.D.] = 5.80x103[Conc] + 6.34x102
Midng & Colctng : 02 R2=0.99
Detection chamber e : 34 guide a@ 01 |
Optical length: 5 mm channel N
Tall - 0.0
Clinical method: . T

» Concentration (mg/dL)

The new design is suitable for POCT in remote
areas even without electricity.

Sensors and Actuators —B: Chemical,
222 pp. 721-727, 2016 (SCI [IF=7.1])

(TBA-200FR, Toshiba)
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Previous Topics of Term-projects (111)
(i 54 ol 87 RSB T)
« High speed dynamic temperature measurement for skin
surface
(Temporal and spatial temperature distribution of rat’s glabrous
skin induced by short-pulse CO, laser, cooperation with Profs.
B2 L & 444542, published in Journal of Biomedical Optics,
17 (11), 117002, 1-8; (SCI [IF=2.785])
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Recent Topics of Term-projects (1V)
(2 ¥ 48 1 Blood Glucose Tester)

Screen printing
- Direct stripe
coating

Material saving
~90%
Reagent coating on PCB

Smart Science, Vol. 4, 151-159, 2016
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Previous Topics of Term-projects (V)
(LT3 )
« Thermal conductivity measurement for high k thin plate
(CSIST project)
(TR AR T G BR R R BRI BT 2 7347, 2012 ¢
BEFELE & E TR EFLE)

Ik HEEN KEEA

BHTE =

1]
R‘(r)-&,[l-a-aAT(t)l
[=37] 5820058
A ] <10W/mk 0.005-500W/mk
A t+ % * madk
ki X o
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Recent Topics of Term-projects (VI)
Emulsion Droplets Coalescence

oms COTO

QL — O |
SmS—W
7.1 ms |

m—T (==
PRL 100, 024501 (2008)"°™ _ 207
e 1 he separation of droplets

BASIC PRINCHILE

favors coalescence!

Jérdme Bibette (207)
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Recent Topics of Term-projects (VII)
(k5 £ pI4ES)
« Drop impact dynamics Drop-drop coalescence and
measuring techniques (undergraduates)
(Hlusive Effects of Generating Nipples between Two
Coalescing Water Droplets, The twelfth Asian Symposium
of Visualization (ASV#12), 2013)

(a) (b) (c)

-lms ~0ms 1ms
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Recent Topics of Term-projects (VII1)
Projector dynamics

Low velocity - High velocity .
Other
parameters:
1. Liquid properties
2. Roughness of sphere Steel sphere (D=3.95mm)
3. Wettability of sphere ... etc. impact onto water pool
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Recent Topics of Term-projects (1X)
Observation of Star-shaped surface_Grawty waves

PRL 110, 094502 (2013) PHYSICAL REVIEW LETTERS

Observation of Star-Shaped Surface Gravity Waves

de Nice—Sophia Antipolis,

013)

a vibration amplitude of 1.95 mm (filling level 7 mm, Symmetry of 6th order, (filling level 8 mm,
Q/2n= 8 Hz) vibration amplitude 2.90 mm, /2t =12 Hz
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Recent Topics of Term-projects (X)

 Capillary ratchet ?

+ Gone with the wind

* Real-time pressure monitoring in a micropump
+ Splashing of different drops onto liquid film

» Visualization of flow within coating die

» Preventing Ice Adhesion to Metal

* Constant velocity microchannel design ...

.:-_4‘;\\ -’ / 1
1 15591(2010/94a7) | et 2
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Term projects/movie6b.mpg
Term projects/movie4.mpg

Possible New Topics in 2021
R mEREFET S FRYE

1. RRAFARL B2 HFIra £ (FE3n)
2. RMARS-RAHLIaBH 2 FWH(ERYE)
3. #Ha AR RURERT - WiT2 £7] (FHF)
4, FE AR FER-HiTz ER(E L)
5. 4 F &~ Witz £ (Capillary ratchet)
6. Splashing of different drops onto liquid film
7. Gone with the wind
8. Preventing Ice Adhesion to Metal
9. Constant velocity microchannel design
10..
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Centrifugal u-Fluidics on Disk (1)

liquid metering fr=—ow x (w x r)I
IIqUId SWitCh inlet chamber

separation
miXing _ metering chamber

) . ith defined volume
detection ° Patentissue
y ° Stable motor & power are verflow channel
required

arDdE

valve: barrier with
hydrophobic patch

ventilation
waste

« Control by rotating speed (¢engerle & Haeberle)
collection reservoir

 Disposable & Low cost (for subsequent steps)
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Centrifugal p-Fluidics on Disk (11)

Splitting/Aliquoting W

for multi-channels

Sample

Wash
solution 2

* Patentissue
* Stable motor & power are

required
AYAVAY, W
Wash
— Calibrant 1 solution 1
Fa)
Waste

Detection
chamber

S—

By An-Buiiy vvainy

_—

Institute of Applied Mechanics
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Design of Capillary-Gravitational Valve

AP, =P, —P, =20

[cos(eC + o) . cos GC]

h
AP.=P.— P, =-2 0 ! + !
- = P. > = —20cos 6. wh
APy = AP, + AP, = —pgLsin 8
% + (W-w)l
where (=0 -~ = °
W
(Sensors and Actuators —B: Chemical, 222, pp. 721-727, 2016)
- 20W cosB. cos(B;+ a)
Bop = sin” -
W w

pg [% + (W - W)l]

With an appropriate set of geometric design (a, w, W, h, and 1),
sequential control can be realized by simply changing 3,,,.
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Introduction to dripping & oscillating drop(s)

E: Nozzle

Widely appears in nature and our daily life

Primary
drop
Modern Measuring Techn Bang W National Taiwan University
Thermo-fluids Mecha 1-Bang Wwang Institute of Applied Mechanics

Dripping drop vs. liquid feeding rate

Q
Low == High

TV
Nozzle !
E o
0
o
(O—— satellite
0
Primary
drop 6
0
)
Dripping Transition Jetting
mode mode

10 mm
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Single Drop Impact Phenomena

(a) Impact on a dry Surface (b) Impact on a liquid film

é . . .o

: - | —

N N : S N \ \ Floati “4\/} )
Bouncing Spreading Splashing oating Spl h ’
plashing

Vortex Ring

Rein(1993)
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Classification of bubble entrainment

J. Fluid Mech. (1990) The entrainment of bubbles by drop impacts

By HUGH C.PUMPHREY' AND PAUL A. ELMORE?

. F rainment
Regular entrainment Irregular entrainme

Impact velocity (m/s)

Mesler entrainment

Large bubbles

T T T T T T

0 1 2 3 4 5 6 7

Drop diameter (mm)
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Regular Entrainment

Bubble size: 0.1 ~1 mm

g 4 Regular entrainment Irregular entrainment °
; o
g
2 34 {
£,

14 \

Large bubbles
0 l 2 3 4 5 6 7
Drop diameter (mm)
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Mesler Entrainment

Bubble size ~ 50 um

Impact velocity (m/s)

Mesler entrainment

Drop diameter (mm)
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Irregular Entrainment

6
S 4 {
% 44 Regular entrainment Irregular entrainment
; O
2
2 34
71
H
- 24
14
Mesler entra.:
Large bubbles
T r T T r T
0 1 2 3 4 5 6
Drop diameter (mm)
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Large bubble Entrainment

Bubble size: 5 ~ 15 mm

Regular entrainment

Impact velocity (m/s)

Mesler entrainment

Large bubbles

0 1 2 3 4 5 6
Drop diameter (mm)
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Partial Coalescence Regime

Irregular entrainment

Regular entrainment

Impact velocity (m/s)

Mesler entrainment

Large bubbles

0 1 2 3 4 5 6 7

Drop diameter (mm)
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Formation of Large bubble Entrainment

Bubble size: 5 ~ 13 mm

° T 7 T
5 f —— Predictions
i — -Terminal velocity e et

- 4 '; e L (Wanget a|.,'i6‘f§'me
(7] [ A N
E 3 -; // N
> 2 1/ S-reéime_:.""

1 - z

O -

d (mm)
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Formation of Large bubble Entrainment

Simulation (Deka et al. Physics of Fluids 2017)

— E=N wn =
T i B S e e

V (m/s)

[ 5]

= =

Lo b b b s b b b s b1 )

2 3 4 5 6 7 8
D (mm)

=]
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Capillary Ratchet (1)

(Prakash, Quere, Bush,
2008, Science)
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Capillary Ratchet (Il)

10

g C L] T T
8 O3 =4.2° (()5) fa
7 O O 9 (o}
(H] 0 A
-~ 6 =28 A _
£ 0O o A =19
E° 0o o AA
T 4 O O A
o]
3 B A
2 3 A
A
1 &%
0 n
. . 1 -2 00 02 04 06 03 10 12 14 16
silicone oil (8; =8, =0, n=0.05kg m™"57°) t (sec)
(Prakash, Quere, Bush, 2008, Science)
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Schedule of term projects

1.2021/3/3 Determination of groups
of term-projects

2.2021/4/21 15t monthly discussions
3.2021/5/26 2" monthly discussions
4.2021/6/23 final project presentation

(End of Chap 1)
~Thank you for your attention~
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